lular structure or compartment. Of these, 21% localized to adhesive or cytoskeletal structures, e.g., stress fibers, microtubules, or focal adhesions (see Figure S1 in the Summary Supplementary Material available with this article online). However, these statistics are complicated by the Microtubules play critical roles in a variety of cell processes, including mitosis, organelle transport, adhenature of our expression system. Since the GFP is fused to the amino terminus of the gene product, only 1/3 of sion and migration, and the maintenance of cell polarity [1-3]. Microtubule-associated proteins (MAPs) the cDNAs will contain genes that are in frame with the start codon that drives GFP expression. Thus, many of regulate the dynamic organization and stability of microtubules, often through either cell-specific or cell the cDNAs expressed relatively small (30-130 aa) peptides rather than the full-length gene encoded in the division stage-specific interactions [4, 5]. To identify novel cytoskeletal-associated proteins and peptides cDNA ( Figure S2 ). This resulted from the cDNA being in a reading frame that does not code for a known gene that regulate microtubules and other cytoskeletal and adhesive structures, we have developed a GFP cDNA product but contains a stop codon. Interestingly, many of these peptides localize to specific structures and thus screening strategy based on identifying gene products that localize to these structures. Using this approach, may contain localization motifs and functional domains ( Figure S2 ). Indeed, some of these peptides perturbed we have identified a novel MAP, GLFND, that shows homology to the Opitz syndrome gene product [6], function, e.g., cell spreading. In some respects, the resulting GFP-peptide fusion library is analogous to a localizes to a subpopulation of microtubules that are acetylated, and protects microtubules from depolycombinatorial library. Since a recognition sequence can be as small as 3-10 amino acids, each random peptide merization with nocodazole. Expression of an N-terminal deletion binds microtubules but alters their orcan display a large number of different motifs, thus providing a very robust library and an efficient assay system ganization. During the cell cycle, GLFND dissociates from microtubules at the beginning of mitosis and then for identifying recognition motifs and bioactive agents. reassociates at cytokinesis. Furthermore, ectopic expression of GLFND inhibits cell division and cytokineIdentification and Isolation of GLFND sis in CHO cells. These observations make GLFND One of the novel proteins that we isolated was homolounique among MAPs characterized thus far.
robust as WT-GLFND. In fibroblasts and hippocampal gest that GLFND stabilizes microtubules via its N-terminal domain. This region contains a domain that has neurons (not shown), ⌬N-GLFND functioned as a dominant-negative and dramatically altered the organization
homology with coiled-coil regions of RBCC proteins, and this domain has been shown to mediate the homoof microtubules, which appeared more bundled and coiled rather than radial ( Figure 2B ). This bundling is oligomerization of RBCC proteins [15, 16] . Thus, the N-terminal region may similarly mediate a dimerization of also observed when the microtubule binding domain of other microtubule-associated proteins, e.g., MAP2 [14] GLFND that is required for its stabilizing effects on microtubules. This is consistent with a recent observation and MAP4 [15] , is expressed ectopically and appears to arise in the absence of crosslinking, perhaps due to that this region mediates the dimerization of MID1 [17] . It has been shown that a minor population of MTs is stabilization or neutralization of the negative charge on microtubules [15] . Perturbations of microtubule organienriched in acetylated tubulin and is relatively stable [18] . An anti-acetylated tubulin mAb stained HT1080 zation were not observed with any of the other GLFND mutants. These observations point to a role for GLFND (and Caco2, not shown) cells strongly in regions colocalizing with GFP-GLFND ( Figure 3B ). Cells ectopically exin microtubule organization.
Since many microtubule-associated proteins stabilize pressing MAP2 or tau stain similarly [19] . In contrast, overexpression of GFP-GLFND did not affect the stainmicrotubules, we examined the effect of GLFND on their nocodazole-induced disassembly. Cells transiently transing of tyrosinated or polyglutaminated tubulin, thus showing specificity for acetylation. fected with WT-GLFND or ⌬N-GLFND were treated with nocodazole and then stained with an anti-␣-tubulin antibody ( Figure 3A) . Cells expressing WT-GLFND, but not
GLFND Dynamics during Mitosis
Since other MAPs, e.g., MAP4, are implicated in mitosis, ⌬N-GLFND, were resistant to the nocodazole-induced depolymerization of microtubules. These results sugwe investigated whether GLFND might function similarly [13] . Figure 4A ). However, GLFND colocalized with sis is that the phenotypes arise from its misregulation. Phosphorylation of MAP4, for example, reduces its affina subpopulation of microtubules at the midbody during cytokinesis ( Figure 4A ). In contrast, cells expressing ity for microtubules and decreases microtubule stability [25] . When MAPs are overexpressed, the phosphory-GFP-MAP4, unlike cells expressing GLFND, localized in the mitotic spindle ( Figure 4A and not shown) . The lated MAPs that dissociate from microtubules would be replaced with MAPs from the large pool of unphosphorydissociation of GLFND from microtubules during mitosis may serve to upregulate microtubule dynamics and falated MAPs; therefore, these MAPs abnormally stabilize microtubules and thereby reveal their function. Consiscilitate their reorganization during mitosis. The affinity of some MAPs, e.g., MAP4 [20] , for microtubules is regutent with this, GLFND has several putative regulatory phosphorylation sites (at positions S324, S486, and lated by cell cycle-dependent phosphorylation events. One possibility is that phosphorylation at the C terminus S317). of GLFND might regulate microtubule association. In 
